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" ALTERATIONS IN CELLULAR AND METABOLIC PROCESSES

The eellular morphology, intracellular structure and biochem=

ieal characteristics of a cell species can be used in numerous ways

© to elueldate the functional aspects of that cell, or a cell pop-

ulation, Mbst cell speciss have several specific blochemical acti

Y=

~ itles which may be unique in respect to their contribution to the -

' maintenance of the-normal physiologic functions of the organism.

Alteration in cellular mnfphology, intracellular structure and

biochemical activitieé may oceur under exposure toradversé_ccndi-_.

~ tions as the result of infection, onset of disease or as a fesﬁlt
.maﬁy other considafations. At the same time, the recbgnition of.
sbnormal celllmnrphoiogiés or altered biochemcal characﬁeristics
of ; cell species, may signal the onsét of disease, a response to
" an infection or other abnormel conditions which would affect the
normal status of a cell, |

| With the rgseaxch tools and blochemical metheds used teo study
cells or their biochemical products and constituents, spiantists
" have been devising methods of anelyzing smaller and smaller
ehtiiies of the single cell, or to to perform assays on a tiny
sample with an even lower range of detectability than the year
before. _

The primary objectivé of the research pefformed under this

Grant was to implement the use of specialized instrumentation (ie.

the Universal Mierospesatrophotometer {UMSP-I) mamufactured by Carl

of ;



Zeiss, Obercoken, Germany and a PDP-12 computer mamfactured by
Digital Equipment Corporation, Maynard Mass.) for analyzing single
cells to obtain specific biochemical and morphological information,
Rapid~scanning microspectrophotometry and computer-assisted data
analysis can provide specific information abou£ a cell or a cell
population; which can not be determined by other means. Further~-
mére, data obtained from as few as 25-100 cells can supply suffic-
ient information‘éﬁ arrive at specific conclusions pertaining to

a particular cell population in regard to certain biochemical
determinations. _

This work was performed as an initial portion of the Early
Detection ﬁf Disease Program (EDPRO) in the Cellular Analytical
Lab@ratofy of the Life Sciences Directorate at the Johnson Space=
craft Center, Héuéton. Texas.A Specific projacﬁs were undertakén
to establish and verify procedures and to establish.certain
parameters of cellular bioéhémicalland'metabolic functions at the
single cell level, in order to apply these‘techniques ﬁo specific

projects related to spaceflight mssion experiments.



~ Miekospectrophotometric Analysis of the Cell Cycle

The application of rapid-scanning microspectrophotomstry and
| computer-assisted data‘analjsis of normal and neoplastid cells aﬁd
_ éeil transforﬁations in neoplasia# have been described by Wied et
al.( 31,32)._ Cytophotometric studies without autnmated data collec=
_tion and analysis have been reported for a variaty of cell species
, 8, 10, 11, 12 13, 15, and ;0). More recent studies have been |
_ diracted toward quantitative determinations of DNA and HNA in cells
- stimlated with phytohemagglutinln or other almilar non—specific
stimili (16-18 and 24) and Bartels gt al. ( 2) have studied stim-
ulated lymphocytes by eytophotometry and computer analysis,
In an‘attémpt to assess the physiologic and certain probable-
immunologic properties of various peripheral 1eucocvtes, it was -
; necessany to define the quantitative biochemical aspects of these
cells during the cell cycle, Since there.appaars to e a prolif=
| eration of lymphocytes during'the immine response, which may later
1ead to the synthesis of globulins and specific antibody, the
.intracellular characteristicq would be quite different at any
stage of the,gell cycle while the gross morphologic appearance
would not héscessarily be different from that of a normal, unstim=
ulated cell, | |
To achieve characterization of these cytophotometric aspects

of the lﬁmphocyte, a rapidly proliferating lymphosarcoma was used



as a source of lymphold cells undergoing rapid cell division,

Materlals and Methods:
Lymphocytes were obtained by removing a transplanted 1§mpho-

sarcoma from =2 DBA/IJ mouse, The tumor line was maintained by serw
ial transﬁlént. A swall peripheral portioﬁ of the tumor was dis=-
sected and minced with scissors in 0.89 per cent sodium chlqride.‘
Following'minging; the cells and tissue pieces were separated by
lowespeed centrifugation for 20 seconds. The supernatant contain;
ing primarily single cells was ﬁsed as the samﬁle. Tﬁe éalls were
washed Qﬁée in fresh saline and then a hematocrit tube was used to
apply a thin layer of cells to a quartz slide which was allowed to
alr=dry. Following air=drying the cells were fixed for 10 min in
absolute ethanol, The fixed specimen was agaiﬁ.air-dried and couid.
then éither be immersed in glycerin to which a protéctive éuartz
covef glass was added and sealed in place with clear lacquer or
the specimen could be stored‘air-dried until reﬁdy.for examination.

.Cytophotometric analyses of the cells were performed using a
Zelss Universal M.crospectrophotometer (UMSP-I) with simultaneous.
data éolleqtion'using s Facit high-speed tape punch. The cells |
were analyzed by scanning 0.5 micron spots at 0.5 micron intervals
and at 260 nm,

Data analysis was initiated by entering the raw data into the
high-speéd réader of a PDP-12 computer and éubsequent storage on

LINC tapes. Editing, data reduction and initisl statistical



analyces wore accomplished by.using various TICAS routines { 71).
Figure 1 shows a generalized scheme for cytophotometric analysis

using the UMSP-T and the PDP=-12 computer. A complete descripticn
of the instrumentation operation and specifications has been de~
seribed by Wied gt al. (31 and 32).

Results and Disoussion:
| Microscopic examination of the specimen revesled that approx-
1mate1y Q0 par cent of the cells were of a rather uniform gige, |
while 3=5 per cent were obviously larger and the remaining 5=7 per
cent were recoghized as mtotic figures. This cbservation was in
general agreement with the established distribution of the stages of
the cell cycle (1&) | |

Pcst-mdtctic daughter cells nearing cytoplasmie separation
aﬁpeared to be the same size as the majority of the cells. .This
size correlation brought fcrth the assumption that the large per=
centage cf the small cells of the pepulation should bc identified
| as G=1 phase. (juvenile or presynthetic). The slightly larger cells
| ;of‘this population should therefore be in the S phase, with less
than‘ib per cent of the population positively identified by visual
observaticn as ﬁre-mdtctic (G=2) or mitotie (M) cells.

MicroSpectrophotomctcic analysis of the smallest cells pro-
duced raw data matrices such as that shown in Fig, 4. As the size
of the cellrincreased, the corresponding raw data matrix exhibited

‘density values which also inereased (Figs. 5~7). The cell from



which the raw data matrix of Fig. 8 was-obtained was visually
'recognized as prophase (early G-2) by the degree of chromatin.con-
densation of the DNA. In Fig. 9, the matrix of a typical metaphase
(B) cell is shown and Fig.'lo shows the matrix for a mitotic cell.
Figure 11 was similar to Fig. 10, hewever it was evident that chroe
matin décondensation.had occurred and cytoplasmic separation was
naarly complete,

The effect of chromatin coliling and condensatlion’ relative to
: their contribution to density oan be seen by comparing Fig. 8 with
‘Figs. 9 and 10. When the sumhation of optical density (OD) values
in Fié} b (G-i phase) was compared with that of Fig. 8 (G=2 phase),
there 15 almost an exact doubling of the nucleoprotein which is
representative of the ZC nuclear content,

In Fig. 11, where the daughter cells exhibit decondensation,
each juvenile cell is basieally identieal to the cells recognized
- as those comprising the G=1 populatiqn. An impqrtant feature which
was demonstrated in the data of this rather homogeneous population
. of cells was that the size differenﬁes'obsarved were more directly
related t§ biochemica; events‘ﬁf the cell cycle than heterogeneity |
of the cell size. At the same time it also emphasiges the fact
that variation in periphéral blood lymphocytes may be directly
related to cell origin and biochemlcal function.

In Fig; 12, a summary of'microspéctrophotometric data of a

series of cells which was representative of the complete cell



is shown. The cells were from a preparation which was alechol
fixed and unstained. All the examples vere scanned at 260 nm.
Another series of colls which had been stained by the stanoard
Papanicolaocu methodlwere scanned at 530 nm. The dzta froﬁ this
series is sﬁown in Figs. 13 and 14 and the profiles of the series
were siﬁilar to those from.tho unstained cells,

7 As a result of the data collected from these series, and when
considering the time factors related to- the events of the’ cell
eycle, it 1s in most instances, a very stra1ght—forward procudure

_to determine the basic 1c content of a cell population. If bio=
chemical or cellular diffaronces are suspected in a given popula-
tion, the application of mcrospectrophotometry. and associated
qompotor analysoS'oan provide usoful results, This typa of

- analysis can olso be_of special signifiecance ﬁhore only a smollt

r‘nuhber of cells may be available for examination.



Cytophotometry of ViruseInfected Tissue Culture Cells

Polioviruses were the first viruses shown to cause cyto-
pathic changes in tissue éuliure cells and thereby serve as an in-
dicator of viral replication (23). Animal cell cultures are
widely used to grow viruses for diqgnosiic purpeses and the de-
tection of virus in the culture is of primary significance in
bany types of laboratory proéedures. |

| In a number of virus infections, the time-course and typé of
cellular alterations are used as criteria in viral idantificatipﬁ-
Some of the common morphological features exhibited by infected
cells are development of mclear or cytoplasmic inclusion bodies,
vocuolation,‘rcunding of célls, giant miltimicleated cells,
stranding and 1rr§gular proliferation features. In many in-
stances, upon the appearance of one or.mnre of these morpho-
logical featureé jn the cell culture, a tenative identification
of the virus group is possible.

Viruses sﬁéﬁ as influenza or rubella replicate in cell
cultures without producing any visibtle eytopathic alterations,

In these types of viral infections, technigues such as hemad-
sorption, 1nterference or flucrescent antibody techhdques are used
to determine the presence of nonecytopathie viruses. Greater
detail can be seen in fixed cultures stanied with Glemsa or
hematoxylin and eosin, or by the use of cytochemical staining

techniques which are specifiec for miclelec acids.
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Rapid=scanning microspectrophotometry and associated computer
analysis of data has been successfully employed in distinguishing
between morphologically identical” fiormal embryonic lunu and epi=-

demeroid carcinoma tissue culture cell 1lines (31 and 32) which

' could.not be reliably distinguished by standard cytological and

”cytochemical methods, From the conclusions reached in'these

studies concerning the discriminating capacity based on computer
apalysis—of.microspactrophotometric data, it 1s evident ‘that these

'procedures have direct application to the determination of virus

f 15 tissue -culture cells. These techhiques would be of!particuigr

interest 4in determining the presence of non-cytopathic viruses.

- and it would be of even greater significance if virus—infected

cells'could be identified at an earlier time in the aa:ly-in—_

fective stage than what is ncw‘pqssiblé using standard‘ﬁrOcédures.v

Materisls and Methods:

The'cells used for this study were WI=-J)8 tissue culture

;‘éella grcwn in Hank's Basal Medium, GQXsackig B=5 virus was used

as the infective agent. Tﬁis virus was used because of'tha'uell‘

_ established and easily rncognized cytcpathic effects on culture

'cellsg Specimens for microspectrophotometric analysis were pre-

pared when it was visually-estimatad that 45=50 per cent and later

when 95 per cent of the cﬁlture_cells exhibited cytopathic alter=-

ations. Coﬁtrol cells were prepared with each experimental

sample.
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The cultures were treated with versene to release the cells
from the culture tubes, This also caused separation of the cells
from éach.othar. the specimen was washed gently in ﬁ.85 per cent
sodium chloride twice and a small ﬁliquot of the cells layered
onto é quértz slide, Following air—drfing, the specimen was fixed
in absolute ethanol and airedried again prior to mounting for
analysi;. The_instrumentation énd procedures used for cytophoto-
metric analysis Lavé'been.déScribed elseghere (31 and 32).

For eact specimen, a population of 0 cells'wﬁs'exémihéd.

The data was ccllected-on paper tape and later entered onto LINC

tape on a PDP-12 computer for editing and data analyses,

Regults and Discussion:
Population histograms of the frequency distributidn of OD

values of control and infected cells are shown in Figs. 15 and
16, EVen‘thqugh théAcontrol cells were prepared at each of the
sampling time;, thefe was remarkab1e correlation between the two
_population histograms indlcating the siability,aﬁd'uniformity of
the cell line. In both' the 45=50 and the 95 per:cent infected
:cells, there is‘a distinet shift in their respective population
histogfams from that of the controls.

The degrée‘of population infectivity based on cytopathic
ecellular alterations was assessed by use of Equiprobable
Distribution Profile Analysis (3) of individual OD values of each

cell. To obtain composites of controls for purposes of comparison
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with cells in the infected cultures, both control porulations
were groupedland e population histogram of 211 OD values (0.0l-
1.75) was obtained, The low 25 per cent of the values was deter-
mined as any OD value between 0,01 and 0.25 (both values inclusive),
while the high 25 per cent of the values was represented ty 0.51-

.?5 (both values inclusive). These values wer; then uéed-as
descriptors for obtaining pattern distributaon proflles of ine
dividual eells in the control population,

Figures 17 and 18 show how the data was cleaned am edited

tb‘aliminatq any undesirable data values and how raw data could

be handled in regard te processing for analysis by equiprobable

o distribution profiless In Fig. 19, the maximm and minimum pro-

files for controlq is compared with that of infected cells."Thé‘7"'
'(o) represents the location of a low value and the {e) indicateu
| the location of a high value. In all cells of the control
population a thin peripheral pattern and a crescent shaped cen-
tral pattern was present, The control descriptors were then
1ﬁ§oaed upon the cell matrix of individual cells from thé infect~
ed populations, Patterns similar to those of the controls were
exhiblited by some_ce11s(these cells were designated as nonw
infected), while distinctly différent patterns were exhibited by
. other cells of the #opulations (these cells were designated as
infected). .

This type of analysis procedure showed there was extremely
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close correlation between the nurber of cells in each populatien
identified as infected (51 and 96 per cent respectively) and the
original estimation of infectivity (45-50 and 95 per cent) which
was arrived at by visual estimation eof cytopathic slterations
.exhibited by the infected cultures.

On the basis of the data established from this study, it is
possible that sirdlar resulis could be obtained by ahalysis of
African Green Monkey kidney cells which were infected with rubeila
wirus. Since rubella is a non=cytopathic virus, the tiﬁe-course
for infection could vary from 7=10 days. Infection could be
verified by challenge with Echo 11 virus. The interesting aspect
of thié study could be in arriving at a determination of infec=
tion of the cells based on microspectrophotometric data analysis
after H=6 days following innoculatich.‘ If this determinztion were
possible, then a munmber of avemes of research and application
utilizing rapid=scanning microépectrophotomatry and computer=

assisted data analyses could be pursued,



Rapid Scanning Microspactropﬁotometny of Colorless Ruglena

gracilis and Astasia longa. A Basis for Differentiation®

Rapid scanning microspectrophotometric studies were undertaken

;_‘ on colorless Egglggg gxggzghg.var. bacillards and Ag&asia longa to

shaw that the 2 organisms could be reliably distingulshed from
Ar'aach other, even thcugh their cellular and. structural character—
istics are quite sindlar. With the development of ultraviolet “
microspectrophotomatry by Caspersson et al. (7), new approaches to
cytologic and cytochenﬂ.ca.’l studies of tissues and cells were made .
‘possible, particularly in quantitative determinations of niclear
'DUA and RNA. Further impetus in the application of this type of
'instruménfation to cytology has been contributed by Wie&-g;,él.
(31532) and B#ftels at a1. (3), 1in the development and.gpplica-
£ion of computer progfams fo; data analysis and automated cell
recognition.
The purpose of this study was to determine whether techniques
such as those employgd by Wied g__g;, (A1) to differentiate 2
structurally identical tissugnculture cell lines (one-normél and
one carcinomataus} cpuld be aﬁplied to differentiating 2 struct-
urally similar colorless euglenoids. In this report the distine-
tion between the 2 o;ganiéms.was based on quantitative differences

of ultraviolet absorption values at 260 ma of the individual cells,

The work described in this section was originally published
in '_I'he Je Protogool, 190:150-155, 1972,
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The primafy distinction between cells was made by computer-assisted
separation according to quantitative differences of micleoprotein

of ecell nuclei.

Materdals and Methods:

Cultures of Euglena gracilis var. bacillaris {colorlass )
Pringsheim and Astasia longa Gross were obtained from the Indiana

Cult;ure Collection in Polytomella medium (28). 'Subcuit.ures were
prepared in Polytomella medium and were maintai_ned at room terp-
erature(25-27 C) with contimmous lighting.

Specimens for examination were prepared immediately upon
receipt of the organisms as well as from loge-phase cultures sampled
at later dates. ‘Ebtamination specimens were prepared by removing 2
ml of.cﬁlture madiurﬁ contéining the organisms and centrifuging at a
low spee‘d in a f.able-model centrifuge for 1 min. The culture med-
jum was .removed and the crgénisms Wwere resuspended and washed for 1
‘mn in 0,135 M phosphate buffer (pH 7.0)s The colls were again
sedi.mentedl and then resuspended in 0,05 ml vhosphate buffer. A
hematocrit tubé was used to ﬂispense the cell concentraf.e on a quartz
slide. {Quartz élidas ard cow.rerglassas; manufactured by Carl Zeiss,
.Irm.."Obez;kochen', Germany, were madé especizlly for use on the
Univers_sl Microspectrophotometer}. Upon alredrying, the specimen
slides. were immersed in absolute ethanol for 10 min, after which
they were removed and aé;ain air~drieds Quartz coverglasses carry=-

ing a drop of irmersion glycerol(nd=1.455 et 20 C) were placed on
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the specimens and sealed in place with clear lacquer,

Specimens were examined with a Universal Miﬁrospectrophoto—
meter (UMSP~I) marnufactured by Carl Zeiss, Ince, and equipped with
-a‘rapid-scannihg motor attached to the microscope stage assenmbly.
Light intensity of the system was measured by a photo=cell and
B  £ransmi£ted to an anélég—to—digital coﬁverter which was coupled to
a Pacit high-speed paper tape punch for recording the cell secan
daté; Iﬁdiﬁidual cells were scanned at 260 mu with a 1 u spot at
1 u intervals on botﬁ.the X and Y axis throughout the cell. The
 ce11;sc§n data théh was.recorded on the paper .tape was fed into.
-th_elhig'h speed z_-é,-ader of a PDP=12 computer (ﬁigit.al Equipment
_dorporatioh, Maynard, Mass.) and submitted to analysis by TICAS
(Taxonomic‘Intra-Céllular'Computer Analytic Systems) programé .
'(3,.31‘anﬂ‘32). pétailed.déscriptions of the instrumentation as
well as coﬁpréhensive‘diécuésion; ofiéomputer analysis programs

have been given elsewhere{3, 31 and 123,

Besults: i
- Wet mounts of the‘cultureé ware prepared,aﬁd examined by
1light microscopy to determine that normal structural charactere
istics vere présent in the organisms before and after centrifu-
gation and washing. As a result of alredrying the organiﬁms on
the specimen slides, and because of their highly plastic nature,
the strueture of fixed cells ranged from typically elongated to

spherical, In this study, spectrophotometric measurements were
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performed on random-picked cells without respect to structure or
size.

An example of a digital print-out of the OD values (raw data
matrix of an Euglena cell scanned at 260 mi, showing the relative
distribution pattern of RNA and DNA) is shown in Fig. 20, In this
study a total of 223 organisms (110 of A. longa and 113 of E.
gracilis) were examined on the UNMSR.I and classified by computer
_ anélyses of the‘éell écan data. | |
. A'histogfam of total OD {tne swmeation of all the mambers
forhing'the_digital image of a cell) for each organism of both
populations is shown in Fig. 21, Although there is a différence
in the means of the 2 populations, the overlap is too great to use
the tota.'l: OD value of & cell as an identifiecation descripf.or with
any degree of reliability. Because of the vartation in RNA and
DNA content, individual gells within each population had a wide
distribution of total OD values (Fige 21).‘ On this basis, an
Egg;ggg,cell with a low RNA and DNA content would be grouped with
an Astasia cell with a high RNA and DNA contént, ﬁhile only Astasia
cells with low total OD values (low RNA and DNA content) were dis-
 tinctly separated from Buglena cells having high total OD values
(high RNA and DNA coﬁtent). T%ese groupings or separations were
d;rectly_related to the stages of the cell cycle. It should be
noted that if the 2 species had been cha:acterized by the same, or
nearly the same,'DNA content, the AEOVe grouping and separations

would not have been observed,



17

when the raw data printeout images of cells from both pop=
ulations were compared, it was found that nuelear OD values were
distinctly different, Most of the OD values for the micleus of
Euglena cells were usually 4O or more, while the CD values for the
meleus of Astasia were 30 or less., It was also noted in some
cells that the muclear OD values were almost identical, yet the
total OD of the cellg could be‘highly différent because of the
, cell size and RNA content. | _ | ‘

At this point the Pattern Search program of TICAS 12 (31) was
_selected and various spacific patterns were entered into the sub-
routine for comparison of miclear OD values in the 2 pnpulations.
Examination of individnal cell histograms of selected cells from
' both populations which had similar histograms provided an estimate .
of the parameters to be inserted into the sub-rouLlne.l After a
series of population‘comparisons,using variaus patterns’ and OD
ranges, 1t was found that the highest degree of separation of

Euglena from Astasia was achieved using the following pattern:

33
3003 1 = any mumber between '3“-12r
306073 0 = anmy mmber

33

The results in terms of "Fits"™ or "matehes" of this pattern to the
micleus of each Euglena and Astasia is shown in Fige 22, Figure
23 is an example of a digital matrix of an Buglena having =

" rmclear £it of h'(ie., when the above pattern with its specific

0D range was compared with the digital matrix of the cell, &
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different “ratches® or "Fits" occurred over the mucleus). By
setting the limits for Astasia as O or 1 fit, and Fuglens as 2 or
more fits, the lowest pe}cehtage of miselassifications fof sach
population was:obtained.

After examination of the raw data matrix of cells (ie., Fig.
20), it was noted that most of the cells of both groups generally
had several random points within the cell-scan boundary in which
) unusuaily high Ob values were recorded, while within the same éell,_'
‘but at other scattered pcipts,;an umisually low value or no OD
ﬁalue was recorded. The reasons for these phenomena. can be reason=
~ ably accounted for by consideration of observations made during an
electron mieroscope study (26)s One difference noted during the
electron micrcscope study was that the thin sections of the color- _
less Euglena generally'contained a greater mmber of phospholipid
vesicles than did the thin séctions of &gﬁ#sia, Another signifi-
cént difference was that electron-dense “caps" partially surround
ed some of the paramylum grains in colorless'ﬁggleaa, while such
Meaps™ were absent in Agtaéga‘(zé). In view of these observatlons,
| aﬁd‘since both the‘phospholipid vesicles and the olectron-dense
ﬁcﬁpsﬁ assééiatad with some of the paramylum grain§ are protein-
aceuﬁs cellular constituents, it is helleved these structures may
have contributed to light scattering of the measuring beam which
 resulted in the high OD values (exclucing nuclear OD values) in
.thé Euglena cells.,

In reference to the low OD values or points in the cell-scan
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whore no 0D was recorded, it was believed this was caused by a
focusing and light-refraction phenomenon of paramylum grains
being directly positioned in the measuring beam light pat, and
below the focal plane., Depending on the degree of light enhaihce-

ment. caused by a paramylum grain in the measuring beam-path; the

19

actual value of the absorptlon was lowered or-completely negated. .

By 1ocating the bright spot in the cell in the light path of the

‘4measuring beam and then changing the focal plane, ‘the bright spot

diminished and a paramylum grain was brought clearly into focus.- |

Cin the ‘case of the zero OD values, this gave the digital mstrix -

of the cell an appearance of having "holes" in it. Furthermore, '

the percentage of zero velues per cell was greater in the Astasia

population than in the Egg;___ population., The difference in the . °

'occurrence of the zero value in the 2 populatlions was also in

direct oorrelation with an obsarvation made during this study of a

greater abundance of paramylum grains in Astasia cells than in
* Euglena, as well ag with the same observation made during an ‘
| electron microscope study of ‘the organisms (26).

Another feature which was observed during this study, but
" which was not used as a basis for distinction between species was
the appearance of the pellicle of the fixed cells when viewed
with ultraviolet light., In Astasia, most of the cells had an

uneven pellicle outline, appearing as though the pellicle had

stretched over the paramylum grains, while in colorless Buglena,

" the pellicle outline slways appeared very smooth.
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=177 Blum gt al. (6) compared various cellular aspects of the 2
organisms with the electron microscope. The only major distinc-
tion between the pellicle of the 2 organisms was that 'in cross

section Astasis was characterized by 36 pellicular ridges, while
Puglens had 40 ridges (6). Other than this, distinct structural

 differences oflthe'pellicle have not been peperted.

. Discugsion: |
Leedale (19) reviewed the criteria on which the taxonomy of
auglgnoidé is based. In some of the organisms of this group, as
ueil-aé iﬁAother taxa;.distinction betﬁeen 2 mémhers in the‘claés-:
ification schems may be largely based on structure, If the cells
being examdﬁed.qo not have the typical structure, identification
becomes questiongble or impossible, In this study, cell struct-
ure was disregarded as a descriptor, while mclear absorﬁtibn
v;lues of the ipdividual cells, to wﬁich a specific pattern was
fitted, have ﬁeen shown to be a reliable means of distinguishing
betweenmthe 2 specles. ‘
~ The primary Objeéiive of this investigation was to attempt
to differentiate between 2 structuraily similar organisms on the
basis of computer-assisted analyses {3, 31-32) of data obtained
by ultraviolet rapld-secanning mdcrospectrophotoﬁetry. It was also
‘the original intent of this study to disregard cell structure,
beceuse of the plastic nature of the organisme, and to show that

_the varied strmctures of the fixed cells of Astasia end Euglepa
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woulﬁ not affect cell identificétion. After éxamination of only
a few organisms in each group, it was evident that significant
results could be obtained by using quantitative differences of
nncleopfotein in the cell muclei of the 2 species as a deseriptor.

Since the OD values of the cell mucleus were. used as the |
basis for distinctlan between the 2 organisms, the nuMber of mis~
classificat;ons in each population (7 of Buglena identifies as
Astesia and 8 of.ag tasia identified as Buglena) does not seen
unraasonable when considering that asynchronous, log=-phase cul-
tures in which cells in all stages of the cell cycle were present
vere used for specimen preparation. Upon relating this to the time
factor for each stage of the cell cycle, tha number of misclass-
ified cells in each population can reasonably be aecounted for in
the follbwing.manner:. If a:mucleus of an Astasia celchontained
the full corplement of duplicated DNA prior to muelsar divisiqﬁ,
then this is the type of micleus, as viewed in relation £o the
overall population, that ‘could result in a misclassificatien as
M. At the same time, some Fuglepa cells were misclassif ied
as Astasia beéause of thelr low muelear absorption values, which
indicated they were young &aughter cells and their nuclear pate
‘tern was on the low end of the mucleoprotein distribution profile
for £he Egg;ggg.population.

Upon examination of the printeout matrix of the Euglena
cells which were misclassified aé Astasla because of low 0D

values for the mieleus, it was noticed that if the value of only
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one or 2 points within the nuclear area had been 30 or higher,
rather than 29 or less; a nuclear pattern fit of a least 2 would
have been achieved in 4 of 7 misclassified cells.

Comparison of nucleasr values of the Astasia cells misclass-
ifled as fuglena with the average qell of the Astasia population
showed that the nuclear vaiﬁes were essentially double that of the
average Astasia nucleus. By correlation of these data with those
from a study on cell division in a mouse lymphosﬁrcomé cell line
{(25) further evidence in suppbrt of the reasons fof misclassifie
caﬁion was obtained.

An advantage of the organisms used in this study was that
the quantitative differences of nucleoprotein of cell nuclei pro-
vided a‘distihct descriptor for ceil recegnition., Had the m~
cleoprotein content been fhe same in the 2 species, then other
desdriptqrs woﬁld have been used to achieve separation in much
the same marner as Wied gi, al. (31) used to differentiate between
normsl and carcinoma tissue culture cells which were structurally -
simlar. |

Leedele (19)_reported a chromosome number of 45 for K.
g;ggzlag.anﬂ estiﬁated that there are 12 in Astasla klebsii,
Although we cannot find documanﬁation of a chromosome count for
hleached;E, ggggglgg, there is no reason to believe that the
.chromnsometnuMber is charged, Since there is an estimate ﬁf 18
chromosomes for A. glgpgg;_(IQ),'it is possible that A. longa

would also have about 18 chromosomes. Based on this assurplion,
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There should be.a quantitative difference between the mcleoprotein
cﬁntent of A. longa and E. gracilis. Although no attempt was made
"to determine the murber of chromosomes in 4. lenga by standard
techniques, this sﬁudy has .shm}n there is a quantitative differ-
eﬁce in the relative‘gmount of nucleobrotein of nuclel in the 2
species. By comparison of data on the relative amounts of mcleo=
protein invﬁp g;gﬁ;};g and A+ longa, and considering that colorless
EE.EL% has 11»5 chromosomss, it is suggested that A. l_:g& would |
have about half as mnqy chromosomes as E. gragllis, which is well
within.rtason regarding the original assumption that A. longa
mght have approximafely 18 chromosomes.,
Tt should also be noted that if these 2 organisms had been

characteriied by having quantitatively simlar miclear values
| resulting from similar nucleoprotpin content (ie,, both organ=
isms hating the same chromosome rumber), then other methods ard
'_.descriptors for computer analyses would have been employed in an
' attempt to distinguish between the speciea.
| In view of ‘the difficulties whlch one encounters in class-
ification schemes, and where there are size and structural vari-
ations in the organisms in question, 1t is evident that metheds
such as thpse used in this study to achieve distinction between
highly similar organisms are not only feasible, but practieal,
Even tﬁough many structural forms were present in the fixed cells
examiﬁéd in this study, the grouping or separation of cells was

dependent upon cellular features (ie., quantitative determina~
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tion of mucleoprotein, etec.) oﬁher than size or shape.
This is not to say the structure need not be considere&,
because there afa mimerous instances in which cell structure
could be used as a criterion for characterization and identifi-
cation, especially where cells with fixed but highly similar
structures are being compafed or differentiateé._
It is also apparent that methods such as those dascribed
' in this report to distinguish between colorlass Eggle and
Ag;gglg can be applied to other situations where the similar
structures of 2 organisms might 1ead to questionable or mistaken“
identification, It would also be possible to employ these tech-
niques to characterize or identify organisms with an unusual
structure resulting from cultnral or environmental conditions.
' These methods would also have direct application in identifica-
tion and characterization‘of sub=specles or varieties as well as
mitants, .

As a résult of this study it‘is possibln to forsee numerous
': applieations of this type of instrumentation and method of data
analysis to a wide spectrum of biologie, physiologic and ecologic

investigations.
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Intracellular Quantitation of Lactate Dehydrogenase

in Colorless Ruglena gracilis and Astasia longa

Both soluble and particulate lactate dehydrogenase (LDH)
have been described for gggléna gracilis Strain Z {22} and for
Astasia longa Strain J (5). Reports of hiochémical studies com=
paring the qﬁahtitative aspects of LDH from colorless E. gracilis
and A. lopga have not been found. Studies on the cytochemical
demonstration of LDH in these species are also lacking.

A recent study by Berezina (4) has shown on a comparative
basis, different levels of LDH and IDH isoéniymes in several pro=
toﬁoan species. When the procedure for the eytochemical demon=-
stréﬁion of LDH (215 was applied to colorless E. gracilis and A.

10  a, different levels of cytochemical activiﬁy of LDH were
‘obserVBd in each species. Because of the structﬁral similarity
of the two speéies, and since the cells incubatea in the presence
of substrate and coenzyme exhibited gualitative diffefences in the
#mount of c¢ytochemical reaction product, thess organisms present=
- ed a sultable system for the intracellular quantitation of the
| reaction product of LbH in individual cells by rapidescanning

microspectrophotometry.

Materials and Methods:

Cultures of [uglepa gracilis var. bagillaris Gross (colorless)
and Astasia longa Pringsheim were obtained from the Indiana
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R fod‘ucecl from
bz‘:t available copy. ¥

Cﬁltﬁfe Collectiog (27 in Polvtomellia medium. The organisms
were sub-cultured and maintained in Polytomella medium at room
temperature (23-25 C) with contimuous lighting.

Specimens were collected from leog-phase cultures, washed
twlce in 0.135 If phosphate buffer (pH 7.0) a;d spread on glass
slides. After air-drying, the incubation medium (21) consisting
of 0,5 ml of 0.5 1 Na-lactate, 0.3 rl of 0.1 ¥ Tris buffer (pi
8.2), 0.17 ml of nitro-blue tetrazolium (NBT}{1 mg/ml), and 0,01
ml of 0,1 M nicotinamide adenine nucleotide (NAD) was added to |
the specimen slides and incubated at 37 C for 15 min {Loth the
incubation medium and the specimen slides were pre-warmed to 37
C before‘adding the medium to the specimen}, The 15 min incu=
bation pericd was selected as optimm after comparing a seriles
" of specimens incubated for 10, 15, 20, 30 and 45 min at 37 Cu
Controls were prépared by incubation of specimens in a reaction
 mixture without Na~lactate or NAD. After the 15 min incubation
period, the cells were placed in 10 per cent buffered formalin
for 10 min, rinsed in 0.1 M Tris buffer, air-dried and mounted
in glycerin (nD-1.455 at 20 C). |

The absorption maxima of 550 m for the LDE cytochemical
reaction product was determined by performing a wavelength ab=
‘sorption scan on random picked cells using the Universal Micro-
spectrophotometer (UMSP-I). Control and incubated cells were

scanned at 550 m with a scanning spot of 1.0 micron at 1.0

micron intervals throughout the cell using the Zeiss Scanning
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Mieroscope Photometer (SMP) which was operated on-line with a
PDP-12 computer, Céll scan data was collected on LINC tapes and
later submitted to analysis by TICAS (31) programs using the PDP-

12 computer,

Rosults:

Control preparations of both Fuglena and Astasia showed no
evidence of the presénce of a reaction product when examined bj
light microscopy. Cells of Astasia incubated in the medium
containing substrate (Na-lactate) and coenzyme (NAD) exhibited
a distinct, but louw level of the blue reaction pfoduct‘within
‘the cell. On a gualitative basis, the distribution of the re~
action product was rather uniform in the cell population, In-

_cuﬁated épecimens of Ruglena exhibited a higher level of activity
.as.evidenced Ey:an ahundanée of the reaction pfoduct in the cells,
_-  Figure 24 ié the.digital‘ma££ix of a represénﬁative control
| coll of Aé&ggga showing the non=-specific absorption values (¢D)
of abeeli scanned<at.1.0.micron‘intervals at.55§ miy Similar
raw dﬁta_iﬁages weré obtﬁineﬂ for the Euglena control éells.
| The points #ithin £he matrix where digits are missing reﬁresent
areas of non-absorptioh. Such a phenomenon was apparently
~caused bj‘the birefringence of a paramylum grain situated out of
the focal plane, but lying in the measuring-beam light path.

This phenomenon has previously been cbserved in these species

' ‘when aleochol fixed, non-stained cells were examined at 260 m
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(27). Examination of the digital matrix of all control cells
scanned in this study revealed a similar random distribution-of
noneabsorption points in each ¢ell matrix. Figure 25 1s an
example of the digital m#trixlof an incubated Astasia showing
the rather uniform.intracellular distribuﬁion of the enzyme
reaction product. Althougﬁ‘many of the Euglena gellsrwere
Eharacterizéd 5y a simlar uniform intracellular dispersion‘of
the reaction product which was present in a greater quantity,
nuMber of cells axhibited uneven intracellular apportionment.
Figura 26 shows a hisﬁogram of the frequency of occurrence':'

of the mean absorption in relative units {total absorption di=--

. wvided by the nurmber of 1 micron spots measured throughout the

'cell) for control and iricubated specimens of both species. The”‘-“
confrols of botﬁ species were characterized by simdiaf arfays
éfAhon—specific ébsorptiqn, with a mean of 4 relative units for
Astasia and € for Quglena, It should be noted, that if the
mrber of noneabsorption points within the digital matrix had
‘been uéeﬁ'in calculating the mean for each cell, the decrease
of the mean for each con;rol‘population_wnuldAnot have exceeded
1 vnmit (le., the actuél mean valugs_?or Astasia aﬁd fuzlena
would have been 3 and 5 respectively),

Qualitatively, when iﬁcubated Astasia cells were compared
with incubated Ruglena, it was estimated that the amount of

enzyme reduction product in Euglens was 2=l times that present
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in Astasia. - When the coll-scan data from both populations were
compared (Fig. 26), the mean of the Buglena populatioﬁ was 3
times that of Astasia,

Discussion:

As far as it can be ascertained, this is the first‘repﬁrt
of the intracellular cytochemical quantitaﬁion of an enzyme
reaction product in protozoans by merospectrophotometry. In
éoniraat‘tb microspectrophotometric procedures using th; plué“
or core technique, where only one or a few measurem;nﬁslare -
obtained from a c¢ell, the hich~speed scamming stage.of the SﬁP
' facilitates a rapid and uniform pattern of écanning and measuré-
ment recording of intracellular substance at a selected wavew
lengthe _

Qﬁalitatively, one éould only estimate if one or more
- dense, 1ocalized aréaa of-the'raaction product in SOmé of the |

Acells éf Egglgggiﬁouid represeht the same amount of reaction
-'pfoduct in another cell which appeared to be less denssly
gtainad, butiwith an efen iﬁtracellular‘appoftiénmsnﬁ. Since
?.théienﬁire.céil could_bé'scanned at 1.0 micron intervals, uneven .
 'iﬁtracel1u1a;_locélization §f the reaction product, which was
: exhibited by some of the cells, did not present a problem in
iér@# of éuantitation. - .

The_qualitative estimation of a relatively uniform distrie-

bution of the cytochemical reaction product from cell to cell in
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the ggtagig population was subsequently shown to have a varia-
tion in mean of 10-2# relative units per cell (Fig. 26). Euglens,
howooor, was characterized by both even and uneven distributions
. of the LDH reaction product with in the cell, with a mean rang= .
",ing from 30—6% relative units per cell, Although there was soms.

_evidence of a size-quantity relationship, further studies would

-.'have to be initiated to dotermino if a oorrolation oould be

- made betwaen quantity of enzyme reaction produot and cell oyolo o

t
L

‘ostago._

In addition to finding distinot qualitative differencos in

the cytochemdoal reaction product of IDE when comparing these

' two species, this study has also shown that these differences

"could be quantitated ‘on an individual cell basis. At the sane

time, it is realized that the properties of these. organisms.
i_depend 1argaly upon the oonditiona employed in culturing, and |
‘that LDH levels, as well as othor enzymes, are likely to vary
‘when cultured in different media and with different light and

- temperaturo conditions. | o h |

_ ' If a conveniional assessmont on 2 qual;tatlve basis had

: Beon_made'of the control and ;ncubated oells. the scoring would

have‘boen: | |

Astesia : fuglena

| Control " - : -
* Tneubated , ¢ - ' : #y #44

Although this does provide a comparative estimate of the LDH in
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the two species, the detefminatigns are arbitrary. ?rom the
data accumulated by rapidwdcanning microspectrophotonetry, it
has been shown that these procedures could be affectively applied
te establiahing a quantitative comparison of the LDH reaction
prpduct of the two specles. 7

i From this.study it has been shown‘that cytophotometry
- of individual cells can 1ead to useful results in quantitation
of cytochemical reaction products within cells. . There will B

‘ continne to be various problems enccuntered becausa of anzyme
'specifity, competition, inhibition and other factors affecting,‘
E enzymes, however, this approach is s significant step toward
quantitation as compared with earlier methods, which at be#t,

were oﬁly qualitative,
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Explanation of Figupes

Fig. 1. An outline for data acquisition and analysis using a rapid
' scénning microspectrophotometer and a computer.

 Figs 2=3. An outline pf the procedure used for lyrmphocyte separation
from a peripheral blood sample ard subsequent specimen slide
préparatiqh of ndcrospeptfophotometric‘analysis. |

Fig;‘b. Raw data matrix oan G-1 lymphocyte. The cell was scanned
with a 0,5 ndcrbn‘measuring sﬁot at 0,5 micron at 260 ma.
The isobar liﬁés were arbitrarily placed within thé matrii o
to illustrate the intracellular pattern change as chaﬁgeé"
occur rel#tive to nuqleoprotein during the cell cyc}e.

Fige. 5. Raw data matrix of a G=1 lymphocyte.

B Fig. 6. Raw daté matrix of a lymphocyte in the early S phase.

Fig. 7, 'Raw data mairix of a lymphocyte in 5 phasé.

Fig. 8., Raw data matrix of a'lymphocyté where S phase has been com=
pleted and chromatin econdensation has begun.

Fig. 9 Béw data matrix of a lymphocyte in the metaphase stage of
the cell cycle.

F;g,<1o. Raw data matrix of a dividing (M or mitotic) lymphocyte.

Fig. 11. Raw data matrix of a pair of daughter cells (G-2) which

o have not completed cytoplasmic separation, however, note
‘that_decondensation of the chromatin has o?curred.
'Fig, 12. A table of microspectrophotomstric data showing the

- distribution of several parameters for a serles of cells
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éhowing the -complete celi cycle. This data was-colléqted

fyrom specimens which were alcohol fixed and unstained.

Fig. 13-1#. Another series of cells analyzed by microspectrophoto—

matry showing the distribution of 0D values in Papanicolaou

'stainsd lymphocytes and scanned at 530 me
‘A population histogram shawing the distrihution of" the‘

' ‘7 frequency of occurrence of the cumilative 0D vnlues fran

-‘:control and k5-50 per cent infected tissue culture cells ; ‘ A;f.f

~ Fig. 16,

Fig. 17.

Linnnculated with Coxsackie B-5 virus.

A population histogram showing the distribution of the-

‘ frcquency of occurrence of the cumulative 0D values from
"contpol and 95 per cent infected tissue culture cells.

innoculated with Coxsackies B~-5 virus. The contrdlé‘féém_" ‘

this population show almost identical overlap with the
controls of Fig. 15 even though the_speeimens were p:g-
pared 48 hrs apart. | |
A simp&ified diagram showing how data can be edited to

remove undesirable portions of data from the cell-scan

 area which does not contribute to the cell matrix which

' is ef primary interest, Many times the cell selected for

scanning is adjacent to another 6911 or to debris. It is
mch easier to scanlthe excess material then remove the

unnecessary data pofhts uaing the computer and a routine
specifically designed to perform this task.



Fiz. 18.

Fig. 19.

Fig. 20.

Fig. 21,
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Using the editing routine, equiprobable distribution pro
files of cells were prepared from the cuﬁulative porulation
data., Once the data value parameters were obtained for the
high 25 per cent and the low 25 ﬁer cent of the OD values

from a population, then each cell was processed and a cyto=

plasmic {low 25 pereccent) and miclear (high 25 per cent}
profile was cbtained, -
This-figﬁre shows the maximum and minimm profiles féom
the control populations and the infected populations.
Each poﬁulation was characterized by falling wﬁthin the
limits shown. 'When the parameters for the control cells
were applied to the cells of the infected population,
each cell could be designated as similar (an uninfected
cell).or dissinﬂlarn(an infected cell). When the pop-
ulation survey‘wég éompletéd,Athe percentage of infécted
cells was in close correlation with what had originally
been estimated on the basis of cytop&thic effect factors,
Raw data matrix of Ruglena gracilis scammed at 1 mieron

intervals at 260 m. The mucleus of the cell is cutlined

within the matrix.

Population histogram showing the distribution of total
OD value for éach cell of both populations. Over 100
cells in each éopulaticn was scanned. On the basls of

total CD, a s-;nrat%on‘of specles was not possible.
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When data values from cell muclei were compared, it was
apparent that the Pattern Search routine would likely
result in a high degree of separatiéh for the 2 species.

This figure shows the frequency of occurrence of & specific

miclear pattern applied to each cell of both populations.

An exarple of the specific nuclear pattern with & “fits"

as applied to the raw data matrix for Euglena.

'Raw‘data.matrix.of Astasia control specimenrshouing.the

non-specific absorption at 550 mu,

Raw data matrix of an incubated &stasia cell showing the

distribution of LDH raaction product with the cell..

.A graph shuwing the distribution of cumulative average

oD (average axtinction) for the cells of each population.
On the basis of the amount of cytochemical LDH reaction |
product within the cells, a distinnt quantitative difference

was ‘shown.
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INCUBATION

" LEUCOCYTE Y ' ¢
FRACTION |

| GLASS BEADS

| COATED WITH
YMPHOCYT |
LFRAC{?IE)N E GUM ARABIC-

GLASS
- wooL—

LEUCOCYTES —f 2
| RBC

RED CELL .
SEDIMENTATION

2

. FROMP.M.L.




NASA-5-70-6202-V

" SPECIMEN SLIDE PREPARATION

< WASH AND
CENTRIFUGE
2 TIMES

Pt IO
LA

SPEC
PREPARATION

AIR DRY S * LYMPHOCYTES

PHOS BUFFER S \

IN
LYMPHOCYTES
FROM
SEPARATION

N PROCEDURE

_~—"AIR DRY |

COVER GLASS

+

GLYCERIN

\. J _ L \UN\SP'

ALCOHOL FIX N eamimnation 3
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NASA-S$-70-6198-V

* CELL DIVISION - UNSTAINED

CELLNO. TOTAL EXTINCTION -RELAT|VE AREA  AV. EXTINCTION SUM GOF 5

AT2600MU  (NO. 0.5U SPOTS) HIGHEST NOS.
1 65 j 48 .44 3.40
2 ;) S 191 2 3.34
3 100 BV .56 5.17
4 138 a0 .66 5.0
5 164 293 56 6.79
6 T 3 .64 5.72
7 142 258 .55 5. 61
8 151 B R 3.83
8A 70 a9 3.39

8B 81 B N 3.83



o S E’L_'L'[-‘._D%lfvlsn‘o{N.-:.:;- PAPANmm STAIN

TOTAL EXTINCTION RELATIVE AREA AV EXTINCTION - SUMOF5

e O (N0 0.5U SPOT) - HIGHEST NOS .

o oo '_.59_ 456
w160 N IR
e w0 s AT
Be . W 66 5.04
[T/ AN 7 S B X
2 | S X
w0 B 1.6

w . a0 8126

w0 w0 s e

© 00 ~ o Ul & w-'i\_:"-'.'

o
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s \1A$A-5-70-6321-\)
CELL DIVISION - PAPANICOLAOU STAIN (CONT)
COMPARISON OF JUVENILE CELL (NO. 1) WITH UNSEPARATED DAUGHTER CELLS (NO. 9-10)

. TOTALEXTINCTION RELATIVE AREA SUM OF 5

CELLNO. " “arseomu 0. 0.5uspors) AV EXTINCTION "y 606t nos.
1 4 132 .59 4.56
9% e 159 8 4.03
9 5 61 47 4.37
10a 82 139 .59 4.60
10b 75 128 | 8 4.66

14



'N-ASA;S-"-70-6196-V_l_“._ N : TSP
~ POPULATION HISTOGRAM - GROUP I Akt GR:3

o
0 -

.= —=="CONTROL
. e {NFECTED

30
~ FREQUENCY 200 |

100

o & . .0 8 L0 L2
- PARTIALEXTINCTION sFpqg 15
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POPULATION HISTOGRAM - GROUP TI
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NASA-S-70-6193-V |

CELL VIEW AND DELETION PROGRAM

~ SCAN AREA
09 ] 00 '
20000 [ 1 ) o8 00e L
990090090 *0d 2900000000
99 000009 900 200000008
009000000 (11 ] 09000080
0580090 00 090000009
20800 L 1} . 9000 ® L
e 1] ® L I 1) .
i 'CJMOVABLE SQUARE

w0

osessese .':

17
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NASA-S-70-6194-V

CELL VIEW AND DELETION PROGRAM (CONT)

se0e o000
200000 00 . 000900000
0000000 000 | oe 000 Y . ee®
00000000 0000 o089 o0 o0 000
2000000000000 o006 o9 9090000
000000000 00000 0000 @ o0 08388000
000000000 80000 . e0ee o0 00000000
00000000000000 0000 ° 00000000
000000000000 00 ® 0000 00080
. 00000000000 o0 . e 0000 00 00
00000000000 C o0 200 egssee
o00000s 00 o o0 o0
o00000 eo00de
o0 0 T o0
DISPLAY OF WHOLE CELL DISPLAY OF VALUES - DISPLAY OF VALUES

BETWEEN 0.01- 0.35 - BETWEEN 0.36 -.1.00
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~ NASA-S$-70-6192-V

" EQUIPROBABLE DISTRIBUTION PROFILE
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5

11 43

428 5

6 30 32
915 26 11
20 611 24
213 26 42 32
b 13 15 25 30 1
21 29 28 25 26 24
4 2101819 31 12
13 3527 27 21 26 14
,a‘ 9 7 34!1\37 16 21
221432 1649 8 6
s 161 2% \ 3
f13. 42216 20 19 %
8 25111610 7
318 61 9.7

n

9

11 16 14
61612 1

9 20 39 28 40

16 21 22 32 12 20 1C
222248 424832622 [

20 54 25 3844 9 27 23

7482 60 63 77" 6,25 22 23

36440 64 62 59 52 55 ‘7 27 12
/33 .sb 54 64 90 95 98 55 42 21
22 %e 56 52 68 75 76 98 74 45 26

2 17.15 50 65 66 83 54 81 52 46 W

51 34 48 91 74 46 42 4&*24
34 ao 25 26 53 63 61 42 32,43 18
27 ;1 64 30 57 43 37 50-21 40
21 az 71 59 41 26 31-33 42 10
33 :4 49 30 37.39° 1 16 26
11 4478835732 43 43 30 16
46 34 22 26 2) 35 14 20 |
54 23 24 20 11 22' 22
49 618 14 28 1)
521717 2519 11
19 38 15 41 6
16 36 24 14
3432 9
28 5
6

'ﬁi.
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7 SPECIFIC NUCLEAR PATTERN |
'FOR EUGLENA AND ASTASIA

'SPECIFIC PATTERN

S .33
. EUGLENA - E3Q 3003 3 = 30-125

~ ASTASIA - ,
904 0 3003 0 =ANY NUMBER
25 33

204
FREQUENCY

w-1|

0 1 2'3'4"5"1015"20'_ -
 NUMBER OF NUCLEAR - 22
‘PATTERN FITS . . :
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NUCLEAR PATTERN FIT FOR EUGL
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NASA-S-71-4053-S

'RAW DATA MATRIX OF

2 31
4 6 47 3 32
4 61

3 2 2 2 2
619 914 8 3 8 6 2 4

389 357333322

1

7

CONTROL ASTASIA

3

B10 5 36 16 610 4 2 9 5
51413 4 1 517 8 37 21 5 47 9 42

4 57414212597
385516 835 2¢61W1W081382359%57¢63

713 6 3 3 5 5 &

4 7 4 4
2 4 6 8 1106 9

411 9 27995 34 36754

2 910
:

2110

2

2

4 516 3 3 3 4 1
411 9 311 99546 4558129
5387 343324101

3

2

5

1

6

8 9553297

9 896 4 2 71
6 9 31 2 812 2
61414 71014 81812 3 710 7

6

2 212 7 9101020 6 3 9

M 6 3 310 3

9

7

4

4833
12
813

5

6 817 3 2
N 6 5 4

7

7 3

7191912 2 3 616 5 2 1 1

5

474509
2 31011 6 4 6 21510 6

7
8 26 9 4N 12

2 7

31

o2

6 4 291

8

3

1

6 51815 8 8 6 5 2 311

611 8 &

2 3 3

6141010 8 4 1

56 4 4 8 1

416 4
4 3 4 6
6 6285 3 3
316 9 5 2 2 712

1

o
6 5358 2

1 2 386

2

3
5 7 610 11219 7 2

2
812 ' 3 6 5

5 8 9

375109

1
1

712 8 6 7

75 61 4

8

10

4 4 57 6 85 48 41410

34 717 9

3 812

1

6

5 6 4 7

24

711 2 5
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NASA-5-71-4051-5

22 29 29733 36 51 35 34

20 59 27 45 41 41 86 44 34

131 28 21 23 45 38 46 26 25 28

17 42 27 18 34 28 49 36 34 40 34

1227 20 41 35 36 20 22 36 14 24 36

10 43 35 23 34 21 26 42-29 36 22 38 27
5373145291716 331724 34 31 2715
12021 24 30 2211 26 2837 3329 22 14 25

PRODUCT IN ASTASIA | a%pnnz

3222726142527 1020 12 34 26 25 29 25

1 929-28.30 36 27 26 29 27 36 24 11.29 23 19
3202621402224 18253224 1322471919
72727262829 3222234415 81823 21 20
21332192824 263322 333719231818 2218
4193438314022232227193529372623 11
421344037 312719252728272024 3414 8
5224642564233 282724222027 33291 6
5 20 3664 34 49 29 16 18 17 29 13.25-34 30 16 2
: 517 28 43 63 52 20.24 31 31 10 18 27 21 37 10
- 3172745494341 3836 15 26 42 11 20 17 2
211 38 54-5) 49 54 31 33 58 5517 25 27 5
72626263744 253620241922 6 -
41721324234 2534333116 5
3172952534543 432611 1
3163246 34 302013 4 -
1 81511 7 41
17 2

1z 2

LDH REACTION = wsii®

- W U O OAD WD

25




NASA-S-7|-4054-

DISTRIBUTION OF LDH REACTION

PRODUCT IN ASTASIA AND EUGLENA

- dN

70
60
50

FREQUENCY 40
OF

'OCCURRENCE 34|

- 20

10

0

'///////////////j//(//////////////////) A

ASTASIA CONTROL
—EUGLENA CONTROL

ASTASIA
LDH

10 20 30 40 50 60 70

AVERAGE EXTINCTION 26
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